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In the gastropod Ilyanassa obsoleta, early development is mediated by the polar lobe, which shunts determinants to the
D lineage during the ®rst two cleavages. These determinants act to specify cell fates directly within the D lineage and to
specify cell fates inductively in other lineages of the embryo. Most fate maps in I. obsoleta have been inferred from previous
cell ablation experiments, although Render (1991) completed natural fate maps for the ®rst quartet of micromeres. Here
this work has been extended to include second and third quartet micromeres as well as the mesentoblast cell (4d) and
some of its derivatives and selected macromeres. Fate maps were created by injecting individual cells with Lucifer Yellow
dextran via iontophoresis and by analyzing patterns of ¯uorescence in resulting veliger larvae. In general, second quartet
micromeres make major contributions to the shell-forming mantle, the velum, the stomodeum and the heart. Third quartet
micromeres give rise to large areas of the foot, velum, esophagus and heart. The mesentoblast cell, 4d, contributes to
retractor muscles, heart, larval kidney and intestine. These results are discussed in terms of previous ablation experiments
and mechanisms of cell fate speci®cation in the I. obsoleta embryo. q 1997 Academic Press
INTRODUCTION (Fig. 1). Conklin (1897) termed this cell the mesentoblast
(ME) because it gives rise to both mesodermal and endoder-
mal structures.
Cell fate speci®cation in early embryos can be achieved Both mechanisms of speci®cation, localization of deter-
through localized determinants or through inductive cell± minants and inductive interactions, are mediated by deter-
cell interactions (Davidson, 1990, 1991). The embryo of the minants localized in the polar lobe and segregated to the D
marine gastropod Ilyanassa obsoleta is a classical system lineage. When the polar lobe or the 4d cell is ablated, no
in which both mechanisms of speci®cation operate, as has intestine forms (Clement, 1952, 1986b). In this case, deter-
been demonstrated through extensive and elegant experi- minants normally found within the D lineage are absent,
mentation (Davidson, 1986). affecting the development of structures derived from this
In I. obsoleta, determinants are ®rst localized in a large lineage. Some larval structures arise from lineages other
protrusion called the polar lobe, which forms at the vegetal than the D lineage. The left and right eyes come from the
pole during ®rst cleavage (Clement, 1952; Render, 1989). A 1a and 1c micromeres, respectively (Clement, 1967; Render,
second polar lobe then shunts determinants to the larger D 1991). If the polar lobe is removed at ®rst cleavage, however,
macromere, which represents the dorsal quadrant of the no eyes form in the larva. In this case polar lobe determi-
embryo at the 4-cell stage. Subsequently a series of three nants are required by the D lineage to induce eye develop-
quartets of small micromeres are produced in a spiral man- ment in the A and C lineages (Clement, 1952).
ner at the animal pole (Clement, 1971; Craig and Morrill, Only limited fate map information exists for the early I.
1986). The fourth quartet micromere from the D lineage, 4d, obsoleta embryo. Anterior structures, including the head
and part of the velum, come from the ®rst quartet of micro-forms several hours before other fourth quartet micromeres
meres, 1a±1d (Render, 1991). Cather (1967) marked 2c and
2d with chalk particles and found that they contributed
to shell-forming tissues. Conklin (1897) traced micromere1 To whom correspondence should be addressed c/o Jonathan
lineages in another gastropod, Crepidula, but in the case ofHenry at University of Illinois, College of Medicine at Urbana-
second and third quartet micromeres, he could only followChampaign, 190 Medical Sciences Building, 506 South Mathews,
Urbana IL 61801. the lineages for a few divisions, not to the larval stage.
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neously picked up using a large-bore plastic pipet. Capsules were
opened using iridectomy scissors and ®ne forceps and fertilized eggs
were shaken loose into 0.2-mm-®ltered seawater. Injected embryos
were kept singly in wells in glass spot plates containing ®ltered
seawater supplemented with 100 units/ml penicillin and 200 mg/
ml streptomycin. Control embryos were raised in groups of 6±12/
well. The spot plates were kept in the dark in moist chambers at
18±207C and the antibiotic seawater was changed every other day.
Anionic, ®xable Lucifer Yellow dextran (4%, 10,000 MW, Molec-
ular Probes) was injected into blastomeres using iontophoresis.
Thin-walled, 1.5-mm OD capillaries with internal ®laments (World
Precision Instrument) were pulled to a pipet tip diameter of 0.2 mm
using a P-87 puller (Sutter Instrument Co.). Pipets were back-®lled
with dextran and 3 M KCl was added using a syringe. Current (10
nA) was produced by a square wave pulse generator; the duration
of each pulse was 0.3±0.4 sec.
Embryos were placed in depressions made in black wax (Fisher)
in a small plastic petri dish. A stereomicroscope equipped with
epi¯uorescence was used for injections (Render, 1991). Individual
cells were ®lled with dextran by pulsing for 1±2 min. Most cells
FIG. 1. Diagram of embryo after the production of three quartets were injected 20±30 min after the beginning of cytokinesis. In some
of micromeres (1a±1d, 2a±2d, 3a±3d) and the mesentoblast cell cases cells were injected at later stages.
(4d). First and second quartet micromeres have divided. The D lin- Veliger larvae were ®xed after 8±10 days. They ®rst were anes-
eage is dorsal, A is on the left side and C is on the right side. thetized in a 1:2 solution of saturated chlorobutanol and ®ltered
seawater to prevent retraction into the shell (Clement and Cather,
1957). Fixation was in 10% Formalin in seawater for 1 hr at room
temperature or overnight at 47C. Scoring for the larval heart was
done before anesthetization and ®xation because the muscular con-Fate map data are critical for the interpretation of a large
tractions were useful in identifying the organ. Images were recordedbody of classical experimental work as well as any subse-
using a combination of epi¯uorescence and bright-®eld illumina-quent studies. Clement has done an extensive set of experi-
tion on either a conventional photomicroscope or a Bio-Rad confo-
ments on the I. obsoleta embryo, much of it involving the cal microscope.
ablation of single cells (Clement, 1986a, 1986b). Data from
these experiments often have been used to infer fate maps
for particular cells. This may be misleading if any regulation
RESULTS AND DISCUSSIONoccurs following the removal of a cell. Similarly, a missing
cell may lead to defects that are more extensive than the fate
of that cell if they are involved in inductive interactions. As with previous fate-mapping experiments (Render,
This paper describes work in which individual cells in 1991), labeling patterns were extremely consistent and re-
the early I. obsoleta embryo were injected iontophoretically producible, justifying fewer repetitions. Individual embryos
with a high-molecular-weight ¯uorescent dextran lineage were included in the analysis only if they developed nor-
tracer. The resulting patterns of labeled progeny were ana- mally and if ¯uorescence was restricted to the injected mi-
lyzed at the larval stage to create a fate map for each cell. cromere and its progeny following injection. In the 40 exper-
Many of the maps were consistent with Clement's ablation iments that are reported here, 92% of the 383 control larvae
data, but signi®cant differences were found. For example, were perfectly normal.
contributions of second quartet micromeres to shell and The diagram in Fig. 2 shows some larval features that
foot are greater than ablation results indicated. In addition were labeled in this study. The larval stage is reached in
Clement (1986b) thought that 3c might contribute to the approximately 1 week, at which time the veliger has 1200±
heart. Fate maps indicate no contribution to heart by 3c, 1400 cells (Collier, 1976). The head of the veliger larva in-
but a de®nite contribution by 3d. These earlier studies have cludes two eyes and a bilobed, ciliated structure for swim-
been reevaluated in light of the fate maps which are pre- ming called a velum. The velum is made up of an anterior
sented here. edge of columnar cells bearing long cilia (Atkinson, 1971,
1986). Covering the anterior and posterior faces of the ve-
lum are sheets of epithelial cells. Previous work showed
that the anterior edge of cells with long cilia are derivedMATERIALS AND METHODS
from ®rst quartet micromeres (Render, 1991). The shell cov-
ers a tissue called the mantle, which secretes new shellAdult I. obsoleta were collected near Woods Hole, Massachu-
material along its edge (Tomlinson, 1987). The mouth open-setts, and kept in recirculating or running natural seawater at room
ing (stomodeum) is continuous with the posterior (under)temperature. They were fed clam or mussel meat every 1±2 days.
Egg capsules were scraped off the side of the aquarium and simulta- surface of the velum and continues into an esophagus, a
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included the left mantle edge, extending along the ventral
side of the shell opening; the upper edge of the left side of
the foot; and the upper half of the left statocyst capsule.
Except for the mantle edge, the pattern was the exact mirror
image of that seen for 2c (Fig. 3B).
Clement (1986a) found that when the 2a micromere was
ablated, resulting larvae had abnormalities in the left half
of the velum and with the left statocyst, consistent with
the fate map. Shell abnormalities were seen in at least 35%
of the larvae, but Clement did not suggest a direct shell
contribution from 2a. McCain (1992) found that when the
2a micromere was ablated along with the 2c or 2d micro-
mere, signi®cantly fewer shells were observed than follow-
FIG. 2. Diagram of a veliger larva (1 week old) with two eyes (each ing the ablation of 2c or 2d alone, supporting a more direct
showing a transparent lens), viewed anteriorly. m, mantle edge; st, contribution to shell by 2a, as was indicated clearly by the
statocyst; sh, shell; f, foot; s, stomodeum (mouth); v, velum; t, right
fate-mapping reported here. Clement (1986a) found thattentacle. Note that here the dorsal side is up, which is the reverse
71% of the larvae lacking 2a descendants lacked the leftof the diagram of the early embryo (Fig. 1), where the dorsal side
eye. Fate maps gave no evidence that 2a contributes to the(D quadrant) is down.
left eye; however, perhaps it acts indirectly or its removal
may lead to enough disruption in the area to affect eye
development. As discussed previously (Render, 1991), the
left eye in Ilyanassa comes from the 1a micromere.stomach with associated digestive glands, an enzymatic
The 2b micromere. The seven embryos with the 2b mi-style sac, an intestine, and an anus. A simple larval heart
cromere labeled showed identical patterns of labeled prog-is located near the esophagus and a larval kidney is located
eny. The posterior edge of the velum was labeled dorsally,dorsally under the shell. The foot, which continues posteri-
extending down the right and left sides (Fig. 3A). In addition,orly from the head, contains two balance organs called
the mid-ventral undersurface of the velum, which also con-statocysts, which are ¯uid-®lled, sensory capsules con-
stitutes the dorsal part of the stomodeum, was labeled. Ataining calcium carbonate crystals.
small area of the dorsal mantle edge on the left side of the
shell also was labeled. Some label also was seen in the foot
Second Quartet Patterns retractor muscle, especially where it attaches to the shell.
After ablation of 2b, Clement (1986a) found relativelyAll second quartet micromeres contribute to the anterior
few larval abnormalities. Irregularities in shell texture wereedge of the mantle. Some give rise to epithelium on the
observed in 73% of the larvae, consistent with the fact thatposterior surface of the velum. Contributions are also made
2b contributes a small portion of the mantle edge. Velumto the stomodeum, the foot and statocysts, and the heart.
abnormalities were only noted in 27% of his cases, perhapsThe 2a micromere. Of the seven embryos in which the
because 2b contributes symmetrically to this structure.2a micromere was injected with dextran, all had ¯uorescent
Loss of 2b appears to result in a smaller, but in many caseslabel on the ventral, innermost edge of the left half of the
apparently normal velum, as may be the case in the diagramvelum (Table 1). This label extended from the posterior sur-
that he shows of a 2b-de®cient larva (Clement, 1986a). Heface of the velum into the left side of the stomodeum. In
all cases where it could be determined, the pattern also did not mention any muscle-related de®ciencies.
TABLE 1
Second Quartet Labeling Patterns
Foot
Velum Mantle edge Stomodeum (side)
No. Left Right
Cell larvae Left Right Both Left Right Dorsal Ventral Left Right Dorsal edge edge Tip
2a 7 7 0 0 6a 0 0 6a 7 0 0 6a 0 0
2b 7 0 0 7 7 0 7 0 0 0 7 0 0 0
2c 11 0 11 0 11 0 11b 0 0 7a 0 0 9a 0
2d 14 0 0 0 0 14 14 14 0 0 0 0 0 14
a Unable to determine in remaining cases.
b 2c extends more dorsally than 2b.
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TABLE 2
Third Quartet Labeling Patterns
Velum Esophagus Foot Statocyst
No.
Cell larvae Left Right Left Right Left Right Left Right
3a 7 7 0 7 0 0 0 0 0
3b 6 0 6 0 6 0 0 0 0
3c 10 0 10 0 0 0 10 0 10
3d 6 5a 0 0 0 6 0 6 0
a Unable to determine in remaining case.
The 2c micromere. The 2c micromere was labeled in 11 hand, Conklin (1897) believed that 2d derivatives gave rise
to the foot in Crepidula.cases and all larvae had label on the ventral, innermost edge
of the right half of the velum (Fig. 3B). As seen with 2a, the
label was on the posterior surface and extended into the
Third Quartet Patternsright half of the stomodeum. In all cases label also was
found on the dorsal edge of the mantle, especially on the Micromeres in the third quartet all give rise to parts of
left side. Mirroring the 2a pattern, ¯uorescence was found the posterior row of ciliated cells on the velum. Some cells
on the right upper edge of the foot and the upper half of the in this group also contribute to the posterior epithelium
right statocyst capsule. In all cases that could be completely along the edge of the velum, the edge of the mantle, the
scored, the larval heart was labeled. foot and statocysts, the esophagus, and the larval heart.
Embryos in which 2c had been ablated all produced larvae The 3a micromere. Identical patterns of labeled progeny
with an abnormal shell and an everted stomodeum (Clem- were seen in seven larvae from embryos with the 3a micro-
ent, 1986a), consistent with the fate map. It is unclear why mere labeled (Table 2). Descendants of 3a contribute to the
eversion of the stomodeum is more common in 2c-de®cient posterior ventral edge of the velum as well as to the poste-
larvae than in 2a-de®cient larvae since the contributions of rior row of cells with small cilia, both on the left side (Fig.
2a and 2c seem comparable. These larvae also did not form 4A). Label also was found on the left side of the esophagus.
a heart, which was expected from the fate of 2c. Heart is When 3a was ablated, the major effect was that 73% of the
composed of epithelial and muscle cells and is dif®cult to larvae had an abnormal left velum (Clement, 1986b).
identify. As mentioned earlier, scoring for heart was done The 3b micromere. When the 3b micromere was labeled
on living embryos in this study so that the beating of the with dextran in six embryos, the resulting pattern of labeled
organ could be discerned. Clement (1986b) also scored the progeny was a mirror image of the 3a pattern (Fig. 4B). The
heart in this manner. The 2c micromere must contribute posterior ventral edge and the posterior row of ciliated cells,
at least to muscle cells since the contracting organ would both on the right side, were ¯uorescent. Similarly, the right
have been easily identi®ed in the experimental larvae. It is side of the esophagus was labeled. In cases where the 3b
possible that 2c also contributes to epithelial cells in the micromere was ablated, the major defect noted was a reduc-
heart. The right statocyst was abnormal in 88% of the larvae tion in the size of the right half of the velum (Clement,
and in some cases the right half of the velum was reduced, 1986b), as would be expected.
both of which are expected given the fate map. The 3c micromere. In 10 embryos where the 3c micro-
The 2d micromere. The pattern of labeled progeny from mere was labeled, the posterior row of ciliated cells on the
the 2d micromere was very consistent. The right edge of right half of the velum were ¯uorescent (Fig. 4C). In addi-
the mantle, extending ventrally and a bit dorsally, was la- tion, the right half of the foot (not including the tip) and
beled in all 14 cases examined (Fig. 3C). Another reproduc- the right statocyst were labeled. Part of the dorsal edge of
ible feature was label found at the ventral tip of the foot. the mantle also was included in the pattern. The heart was
Unlike other second quartet cells, 2d does not contribute examined in 8 of the 10 larvae, but in no case could labeling
to the velum or stomodeum. be con®rmed.
Analysis of larvae from embryos in which 2d had been Clement (1986b) found that larvae missing 3c derivatives
ablated revealed extensive shell abnormalities, often the failed to form the right half of the foot or right statocyst.
loss of the shell (Clement, 1986a; Cather, 1967). In addition, This indicates a greater role for 3c than 2c in statocyst
the stomodeum was inverted in many cases, which cannot development, as was further demonstrated by McCain
be explained by the fate map. Clement (1986a) did not men- (1992) in multiple cell ablation experiments. Fate maps con-
tion any abnormality associated with the tip of the foot, ®rm this since 3c contributes to the entire statocyst, while
2c contributes only to the dorsal part of the structure. Mostalthough this might be dif®cult to discern. On the other
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FIG. 3. Fluorescence micrographs showing second quartet labeling. (A) 2b pattern. (B) 2c pattern. (C) 2d pattern. (D) 2d cell labeled with
Lucifer Yellow dextran. Scale bars, 100 mm. m, mantle edge; s, stomodeum (mouth); v, velum; f, foot.
larvae also had abnormal shells, consistent with the 3c con- only to the posterior row of ciliated velar cells. Clement
observed a heart in 42% of the 3c-de®cient larvae and won-tribution to the mantle edge. Almost half of the larvae had
an everted stomodeum, which cannot be directly explained dered whether 3c had a role in heart development, but it is
not clear whether in the remaining 58% of the larvae noby fate maps. Rare cases of eye abnormalities also were
reported, which may be due to de®ciencies in velum devel- heart was seen or the results were inconclusive.
The 3d micromere. The pattern of labeled progeny inopment. Up to 22% of the larvae had an abnormal right side
of the velum. This percentage seems low, but velum defects six 3d-labeled larvae was the mirror image of the 3c pattern
with respect to the velum, foot, and statocyst (Fig. 4D). Themay have been dif®cult to detect because the 3c contributes
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FIG. 4. Fluorescence micrographs showing third quartet labeling. (A) 3a pattern. (B) 3b pattern. (C) 3c pattern. (D) 3d pattern. Scale bar,
100 mm. e, esophagus; v, velum; m, mantle edge; f, foot.
posterior row of ciliated cells on the left velum as well as foot formed (as expected given the 2d fate map). He sus-
pected that cells other than 3c and 3d contributed to thethe left statocyst and left half of the foot were labeled. In all
cases the heart also was ¯uorescent. Unlike the 3c pattern, foot, but could not identify them. Up to 35% of the larvae
had an abnormal left side of the velum. Clement reportedmantle tissue never was labeled in 3d larvae.
Similar to 3c ablation results, Clement (1986b) found that that 69% of the larvae formed a heart, but it is unclear
whether the remaining cases were negative or inconclusive.larvae lacking 3d derivatives failed to form the left half of
the foot or left statocyst. In one case following the ablation The contribution of 3d to heart, as shown by the fate map,
is most likely to the epithelial cells since no contractionsof both 3c and 3d, Clement noted that only the tip of the
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affected when the intestine is missing. The 4d-de®cient lar-
vae also lacked a contracting heart, indicating that at least
the muscle component of the heart was missing. Clement
(1986b) noted that several of the larvae had a retractor mus-
cle, although he did not indicate whether the whole retrac-
tor system or only part of it was present. Without ¯uores-
cent label, the most obvious part of the system is the poste-
rior portion, which was found to be only partially labeled
with dextran.
The ME1 and ME2 micromeres. Descendants of 4d,
ME1 (left) and ME2 (right) were labeled in a few cases. In two
ME1 larvae part of the intestine and the left velar branch and
posterior part of the retractor muscle system were ¯uores-
cent. As observed before, the posterior muscle was only
partially labeled. When ME2 was labeled (one case), the
right velar branch of the retractor muscle was ¯uorescent,
along with the heart, kidney and part of the intestine. To-
gether, the patterns of ME1 and ME2 appear identical to
that of the parent cell 4d and contribute to both mesodermal
and endodermal structures. No ablation data exist for these
two daughter cells of 4d.
Macromere Patterns
In a few cases, macromeres of the A, B, and C lineages
were labeled after third quartet micromeres had been pro-
duced, when they are termed 3A, 3B, and 3C. Since theseFIG. 5. Confocal image showing pattern of ¯uorescence after
cells will produce at least one more set of micromeres, any4d labeling. Fluorescence image merged with bright-®eld image.
patterns observed will include contributions from both thei, intestine; rr, right velar retractor muscle; lr, left velar retractor
muscle. macromere and future micromeres. In three larvae analyzed
for a 3A pattern, the digestive glands and isolated cells in
the velar retractor muscles were labeled. Four 3B larvae also
had digestive glands and velar retractor muscle cells labeled,
as well as the anterior part of the stomach. Digestive glandswere observed. The contracting muscle tissue would have
been easily identi®ed in the experimental larvae. and velar retractor cells also were labeled in 3C-larvae (four
cases), along with the style sac, which is located between
the stomach and intestine. No ablation data exist for 3A,
Patterns of 4d and Descendants 3B, or 3C. The 4D macromere, so designated after the pro-
duction of the 4d micromere, was labeled in two cases. InThe 4d micromere. The mesentoblast cell, 4d (ME), was
labeled in 10 embryos. The larval pattern included the re- both, the pattern of labeled progeny included cells in the
lumen of the digestive glands and any residual yolk materialtractor muscle system, consisting of right and left velar
branches and foot branches (Fig. 5). The posterior part of in the larva. When Clement (1962) ablated 4D, he observed
a reduction in the amount of yolk around the organs of thethe retractor muscle, from the velum/foot insertion to the
place where it attaches to the shell, seemed only partially digestive tract and an overall reduction in the size of the
larva, which may be due to the loss of nutritive material.labeled. The systems of ®ne muscle ®bers that radiate
across the surface of the velum did not seem to be labeled. He did not report de®ciencies in the digestive gland lumen,
which would have been dif®cult to detect.Other micromeres probably give rise to these cells, although
it was not evident during the analysis. Perhaps there are
small contributions from many micromeres, making it dif-
Conclusions®cult to identify separate patterns. The intestine and larval
heart also were ¯uorescent. The larval kidney was labeled Many of the fate map data de®ned here for the ®rst time
are consistent with previous experimental work, notablyin eight cases, but labeling could not be determined in the
remaining two cases. Clement's (1986a, b) micromere ablations. For example, the
3c map agrees with ablation work concerning the right sideLarvae from embryos lacking 4d failed to form a kidney
and intestine (Clement, 1986b). The style sac, which is con- of the velum and foot and the right statocyst. In addition
it con®rms Clement's suspicion that 3c contributes to shell-nected to the intestine, was also missing. The style sac was
not part of the 4d fate map, but its development may be forming (mantle) tissue (Fig. 6). Similarly, the 3d map agrees
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FIG. 6. Micromere lineages as derived from fate maps. First quartet data are from Render (1991).
with ablation results concerning the left velum, foot, stato- vinced of a role in shell development for either cell, al-
though the fate map shows that both cells contribute tocyst, and heart.
In several cases, however, Clement's experimental data the shell-secreting mantle edge. Ablation data revealed that
some 2b-de®cient larvae had abnormalities in the velum,led him to over- or underestimate the fate of a particular
micromere. He suggested that 3c contributes to the heart, but not enough to convince Clement of a 2b contribution
to the left and right sides of the velum, as was shown byalthough this was not con®rmed by the actual fate map,
which identi®es contributions from the cells 2c, 3d, and 4d the fate map. Another contribution to the velum (right side),
that of 3c, was underestimated because relatively few larvae(ME2 portion). An inductive role for 3c cannot be ruled out,
however. Clement's analysis of larval defects often de- had discernible abnormalities. Clement observed that 3c
and 3d make major contributions to the foot, but he missedpended on observing a severe or asymmetrical loss of tissue
when the right and left sides of a larva were compared. In contributions by 2a, 2c, and 2d to the left edge, right edge,
and tip, respectively. The role of 3d in heart developmentthis way signi®cant contributions by certain micromeres
were missed in cases where several micromeres made small also was missed in the ablation analysis, perhaps because
this cell's contribution to heart may be to epithelial notcontributions to a single structure or where tissue was re-
duced symmetrically on both right and left sides of the muscle cells. Epithelial cells do not contract and are there-
fore more dif®cult to identify.larva. For example, Clement did observe shell abnormalities
in some 2a- and 2b-de®cient larvae, but he was not con- Micromere fate mapping has shown that several larval
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tissues are derived from all four major lineages (A, B, C, D) side come from 3c. The contributions of the various micro-
meres to the left or right sides of the larva make sense whenin the I. obsoleta embryo (Fig. 6). Velar tissue comes from
2a, 2b, 2c, and the entire third quartet of micromeres, as their positions are examined in the embryo. The axis of
bilateral symmetry divides the A and C quadrant micro-well as the ®rst quartet (Render, 1991). Shell-forming man-
tle tissue is derived from the entire second quartet of micro- meres early in cleavage (Fig. 1). By the formation of third
quartet micromeres, the axis separates 3a and 3d on the leftmeres plus 3c. When added together, contributions of the
individual micromeres comprise the entire mantle edge: 2a side from 3b and 3c on the right side.
Data from the fate mapping experiments described above(left-ventral), 2d (ventral-right-dorsal), 3c (dorsal), 2c (dorsal-
left), 2b (left-dorsal). Digestive tract tissue comes from the are of great utility in reanalyzing previous experimental
work on I. obsoleta. In addition, this information will bemacromeres 3A, 3B, 3C, and 4D (lumen cells only) and the
micromere 4d. Fate maps also indicate a multiple origin for important in guiding future lineage-related work at the mo-
lecular level. Interesting departure points include examina-muscle cells, as was observed by Conklin (1897) in Crepi-
dula. Retractor muscles and heart muscle come from the tions of muscle cell determinants and their expression
within the D lineage and the molecular basis of the induc-mesentoblast cell, 4d. The ectodermal cell, 2b, appears to
contribute to the posterior part of the foot retractor. The tion of eye development in the A and C lineages.
macromeres 3A±3C contribute to velar retractors, although
the muscle cells actually may be derived from subsequent
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